Abstract-Resummation of the perturbative series for the amplitude of lepton pair production in nucleusnucleus collisions is performed based on the Watson theorem and the hypothesis of infrared stability. An explicit expression for this amplitude is obtained, which is valid to within terms of the ninth order in the fine structure constant. PACS numbers: 13.85.Lg, 25.75.Dw 
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Description of this process outside the Born approximation framework is among the most important, yet unsolved problems in QED. Attempts to solve this problem were undertaken by several research groups [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] ; however, despite considerable effort, no significant progress has been achieved so far.
First, no success was gained in the attempts at obtaining a fully nonperturbative solution [3] [4] [5] [6] . The sequential analysis of corrections to the results of Born approximation obtained within the framework of perturbative QED [14] [15] [16] [17] [18] is still at the initial stage, which is related to the fact that this approach requires systematizing and calculating a huge number of Feynman diagrams.
Much less computational facilities are required for the "semiperturbative" approach [19] that is based on the Watson representation of the scattering operator T in the two-center problem in terms of the scattering operators T 1(2) of the corresponding one-center problems [20] :
The latter equations can be written in an extended form as (4) where (5) is the 4-potential of the electromagnetic field created by Z k ion ( k = 1, 2), and G ( x -x ') is the free causal fermion propagator.
The amplitude M of process (1) is related to the scattering operator (2) as (6) where u ( p 2 ) and v ( p 1 ) are the bispinors describing the states of free electron and positron possessing the 4-momenta p 2 and p 1 , respectively.
The solutions to Eqs. (4) have a simpler form in the momentum representation: 1 (7) 1 Expressions (7) and (8) 
The Structure of the
In these expressions, b k are the impact parameters of colliding ions in the center-of-mass frame and Φ k (r) are the corresponding Coulomb potentials in the rest frames. The light components a ± of the 4-vector a µ = (a 0 , a z , a T ) (a µ = γ or p, p') are defined in the conventional manner (a ± = a 0 ± a z ) and the z axis coincides with the direction of motion of the Z 2 nucleus.
Relations (2)- (11) provide a solution to the problem of partial resummation (eikonalization) of the perturbative series, which was recently considered in [14] [15] [16] [17] [18] . Since the phase shifts (11) corresponding to nonscreened Coulomb potentials are infinite, the quantities (7)- (10) constructed from these phase shifts are, strictly speaking, meaningless.
In order to provide physical meaning to these values in the intermediate stage of problem solution, it is necessary to introduce "infrared regularization" of the potentials Φ k (r) and consider them as limiting values of the "slightly" screened potentials: (12) In this case, we have (13) This procedure is absolutely identical to the infrared regularization of photon propagators (by the introduction of an apparent infinitesimal photon mass λ), which is usually undertaken in order to ensure finite contributions from individual loop Feynman diagrams to the amplitude of process (1) (as well as of the other electrodynamic processes) in perturbative QED.
The observable quantities proportional to the squared moduli of amplitudes (representing a sum of an infinite number of Feynman diagrams) must be independent of the nonphysical photon mass λ. As λ 0, these quantities must tend to finite and uniquely determined limiting values. This property of physical observables is referred to as the infrared stability.
There are various mechanisms for infrared stabilization of physical quantities. The most known approach consists in combining the infrared divergences of par-
ticular Feynman diagrams in a common phase factor (with the phase diverging as λ k 0) at the infraredstable (IRS) part of the amplitude, which does not influence the values of observables.
In perturbative QED, this property is inherent, for example, in the amplitudes of elastic scattering of charged particles. The amplitude of the eZ 1 Z 2 eZ 1 Z 2 process, which is cross-conjugated with respect to process (1), also possesses this property. The amplitude of process (1) as such (together with the phase factors) is an IRS quantity. In perturbative QED, this is ensured by complete mutual cancellation of the logarithmically diverging (for λ k 0) contributions of particular loop diagrams to the process amplitude.
Within the framework of the proposed semiperturbative approach, analogs of the loop Feynman diagrams are the so-called partial amplitudes, by which we imply the values obtained upon the substitution of separate terms of the operator expansion (2) into the right-hand part of relation (6). Although these values remain finite (possessing limited moduli) for λ k 0, they nevertheless do not tend to certain limiting values and behave as infinite oscillating functions (similar, e.g., to the eZ scattering amplitudes). The values of this kind will be referred to as infrared-unstable (IRUS). The simplest examples are offered by the S operators of e ± Z k scattering denoted (x), which (together with the G(x -x') propagators) are the main structural elements of the aforementioned partial amplitudes. The partial amplitudes can be represented as superpositions of the products of (x) values. The majority of these products, as well as the operators (x) proper, belong to IRUS values. The only exceptions are products of the type (14) which are the IRS quantities because (15) By virtue of the infrared stability of amplitude (6), the IRUS components of separate partial amplitudes exhibit mutual cancellation that eventually leads to the IRS result. This cancellation can only be traced after explicit integration with respect to light components of all intermediate 4-momenta in the expressions for partial amplitudes.
Since the contributions of IRUS majority are canceled, the final expression for amplitude (6) appears (in contrast to predictions in [14] [15] [16] [17] [18] ) relatively simple and possesses the following properties:
